Background: Traumatic brain injury (TBI) has been reported to be a common cause of benign paroxysmal positional vertigo (BPPV). However, only a few studies have investigated BPPV after TBI. The aim of this study was to identify the clinical characteristics of BPPV after TBI and to determine whether there are clinical differences between BPPV after TBI and idiopathic BPPV. The clinical characteristics of BPPV after TBI and the clinical differences between the traumatic BPPV and idiopathic BPPV groups were investigated. Results: A total of 32 patients with BPPV after TBI fulfilled the inclusion criteria. Twenty-four patients in the traumatic BPPV group had posterior semicircular canal-BPPV and 11 patients lateral semicircular canal-BPPV. A total of 58 repositioning maneuver sessions were performed in these 32 patients. Members of the traumatic BPPV group required more treatment sessions than members of the idiopathic group (p Ͻ 0.05), but no tendency to recur was observed in the traumatic group (p Ͼ 0.05). Recurrence rates in the traumatic and idiopathic BPPV groups were 15.6% and 18.8%, respectively (p Ͼ 0.05). Conclusions: It is likely that BPPV after TBI is more difficult to treat than idiopathic BPPV, but no tendency to recur was observed in patients who developed BPPV after TBI compared with idiopathic BPPV. Further prospective clinical meta-analytic studies are needed to investigate the outcome of BPPV after TBI.
B
enign paroxysmal positional vertigo (BPPV) was coined by Dix and Hallpike in 1952 1 and is one of the most common vestibular disorders. BPPV is characterized by an onset of vertigo precipitated by certain head movements in the plane of semicircular canals. The vertigo usually begins after a brief latency (several seconds) and is followed by intense, short-lived (10 -30 seconds) vertigo and nystagmus. [2] [3] [4] BPPV is commonly encountered as one of two variants in the clinical setting, namely, BPPV of the posterior semicircular canal (PSC-BPPV) or BPPV of the horizontal or lateral semicircular canal (HSC-BPPV). PSC-BPPV is more common than HSC-BPPV and comprises 85% to 95% of BPPV cases. 4, 5 A diagnosis of PSC-BPPV is easily confirmed by performing the Dix-Hallpike maneuver, 1, 4 whereas testing for HSC-BPPV is performed by laying the patient supine and then quickly turning the patient's head laterally toward the left or the right side-termed the supine head-turning test. 6 -8 BPPV has a number of etiologies, and although 50% to 70% of BPPV cases occur in isolation (termed idiopathic or primary BPPV), it can also develop after head trauma, viral neurolabyrinthitis, Meniere's disease, migraine, ear or dental surgery, and prolonged bed rest, which are representative examples of secondary BPPV. 4 Traumatic BPPV accounts for 8.5% to 20% of all BPPV cases. 2,9 -11 Various types of trauma have been associated with traumatic BPPV. They include head injury, whiplash injury, ear surgery, dental surgery, and others, 3, 4 and of these, traumatic brain injury (TBI) because of traffic accidents has recently been highlighted as a major public health problem. Dizziness or vertigo is a common complaint after TBI, and BPPV is a possible cause of this dizziness. 12, 13 Relatively few studies have examined post-traumatic BPPV in detail. 11, 14, 15 Many types of post-traumatic BPPV have been included in previous studies. 2, 9, 11, 14 Furthermore, one previous study described the diagnosis and treatment of patients with BPPV after severe TBI, although no comparison was made with idiopathic BPPV. 15 Accordingly, no attempt has been made to compare BPPV after TBI (unrelated to surgical procedures or whiplash injury) and idiopathic BPPV in terms of clinical differences and treatment outcomes. Therefore, the aim of this study was to identify the clinical characteristics of BPPV after TBI and to determine whether clinical differences exist between BPPV after TBI and idiopathic BPPV.
PATIENTS AND METHODS
We reviewed the medical records of 192 consecutive patients with positional vertigo after head injury treated in our tertiary referral neurotology and dizziness clinic from January 1, 2003, to January 31, 2009. Forty-five of these patients with typical PSC-or HSC-BPPV or both after TBI were identified.
The inclusion criteria applied for BPPV after TBI were as follows: (1) no history of BPPV before head injury, (2) an onset of vertigo within 72 hours of head injury, (3) head injury unrelated to surgical procedures or whiplash injury, and (4) characteristic nystagmus visually observed by an experienced examiner and recorded by videonystagmography.
We also reviewed the medical records of 341 patients with idiopathic BPPV treated in our dizziness clinic over the same period. No idiopathic BPPV patient had a history of head trauma. Patients with a history of ear disease, previous BPPV, migraine, a brain tumor, or a cerebrovascular disease were excluded from the study. Some patients were lost to follow-up. Finally, 32 patients were enrolled into the post-traumatic BPPV group and 112 patients into the idiopathic group.
BPPV was diagnosed based on a history of recurrent positional vertigo and the results of the Dix-Hallpike 1,4 and supine head-turning tests. 6 -8 The Dix-Hallpike test for PSC-BPPV was considered positive if nystagmus was recorded with appropriate positioning, latency, duration, and fatigability, and if it reversed when the patient resumed a sitting position. With the affected ear down, geotropic torsional nystagmus (i.e., the upper poles of the eyes beating to the lowermost ear) occurs with an up-beating component for PSC. HSC-BPPV diagnoses were confirmed by horizontal direction-changing positional nystagmus concurrent with vertigo precipitated by the supine head-turning test. 4, 5 Patients were classified as canalolithiasis (horizontal geotropic nystagmus) and cupulolithiasis (horizontal apogeotropic nystagmus) HSC-BPPV types according to the direction of the nystagmus. 4, 7 The patients were treated using the appropriate repositioning maneuver for their type of BPPV. Patients with PSC-BPPV were treated using the maneuver described by Epley. 16 Patients with canalolithiasis-type HSC-BPPV have been treated by 360 degree barbeque rotation 17, 18 with or without forced prolonged positioning, 19, 20 whereas we treated these patients by head shaking or a modification of the fourth step of the Semont maneuver. 20 Patients were re-evaluated at 3 days or 5 days after treatment in a clinic. Maneuvers were repeated until successful repositioning had been achieved. Success was defined as the absence of nystagmus and positional vertigo. All patients were instructed to return if vertigo redeveloped. Patients were re-examined 3 months and 6 months after testing negatively for vertigo and subsequently contacted by telephone for further information by two experienced doctors. Pearson's 2 test was used to identify clinical differences between the two groups, and statistical significance was accepted for p values Ͻ0.05.
RESULTS
A total of 32 patients with BPPV after TBI were included in this study. There were 18 men and 14 women and ages ranged from 30 years to 74 years (mean age, 52.9 years Ϯ 11.2 years). The characteristics of the patients are summarized in the Table 1 .
The causes of TBI were a motor vehicle crash in 20 patients, a fall in 8, and a blow to the head in 4. The right ear was affected in 20 and the left ear in 12. Twenty-four patients had PSC-BPPV and 11 had HSC-BPPV. All patients with PSC-BPPV had the canalolithiasis type. Eight of the 11 patients with HSC-BPPV had the canalolithiasis type, and 3 patients had the cupulolithiasis type. One patient (3.13%) had bilateral BPPV. Three patients (6.25%) had multiple canal involvement and a combination of PSC-and HSC-BPPV. No patient had anterior semicircular canal-BPPV. Patients with bilateral disease were treated first on the right side until resolution and then on the left if nystagmus was present during a following visit. For those with a combination of PSC-and HSC-BPPV, PSC-BPPV was treated initially.
A total of 58 repositioning maneuver sessions were performed. On average, patients received 1.8 treatment sessions (19 patients received 1 treatment session; 8 patients received 2; 1 patient received 3; 2 patients received 4; 1 patient received 5; and 1 patient received 7). The mean follow-up in the traumatic and idiopathic BPPV was 32.4 months Ϯ 9.3 months and 35.2 months Ϯ 9.9 months, respectively. During the follow-up period, 5 of the 32 patients experienced BPPV symptom and nystagmus recurrence after initial complete resolution.
The 112 idiopathic BPPV patients were treated over the same period, and there were 44 men and 68 women of average age 55.3 years Ϯ 15.9 years (mean Ϯ SD; age range, 11-83 years). Mean ages were similar in the two groups. Men/women ratios in the post-traumatic and idiopathic groups were 1:0.78 and 1:1.57, respectively. There was statistical significance in intergroup gender (p Ͻ 0.05). Furthermore, group prevalences of bilateral BPPV involvement were similar (p Ͼ 0.05). Multiple canal involvement was also similar in both groups (p Ͼ 0.05).
Regarding treatment, 94 of 105 idiopathic patients except for patients with multiple canal involvement responded successfully to a single treatment session. Notably, the mean number of the treatment sessions required by patients in the post-traumatic group was significantly greater than that required by patients in the idiopathic group (p Ͻ 0.05). The recurrence rate was 15.6% in the post-traumatic BPPV group and 18.8% in the idiopathic BPPV group, but this difference was not significant (p Ͼ 0.05). Details of the differences between the post-traumatic and idiopathic BPPV groups are summarized in Tables 2 and 3 .
DISCUSSION
In this study, we report for the first time the clinical characteristics and treatment outcomes of BPPV after TBI and idiopathic BPPV. TBI represents a serious public health problem worldwide with substantial societal costs. Imbalance and dizziness are common symptoms after TBI, and the incidence of dizziness after even mild head injury ranges from 15% to 90%. 13, 21 Furthermore, these head injuries can damage or adversely affect the peripheral vestibular organ.
In particular, BPPV, which is one of the most common peripheral vestibular disorders, occurs when otoconia become dislodged and move into the semicircular canals. BPPV caused by trauma accounts for 8.5% to 20% of all BPPV cases. 2,9 -11 During the course of this study, we reviewed all cases of BPPV treated during the study period. The incidence of BPPV caused by head injury was 11.7% (45 of 386 BPPV patients).
In a previous study, 10 of 20 patients (50%) with a severe TBI complained of vertigo elicited by positional changes and were diagnosed as having BPPV, 15 and in another study, 25 of 100 patients with dizziness after head trauma were confirmed to have BPPV by a positive DixHallpike test. 21 In this study, 45 of 192 consecutive patients (23%) who complained of positional vertigo after TBI were diagnosed to have BPPV. It is conceivable that the frequency among our cases was lower because our patient population was composed of patients who had experienced a head injury, and those with BPPV caused by surgical procedures, such as ear, dental, or brain surgery, were excluded. Physicians should be aware of the possibility of BPPV when patients complain about dizziness after even a mild head injury, and the Dix-Hallpike maneuver and the supine head-turning should be conducted to determine the presence of PSC-BPPV or HSC-BPPV or both. The causes of BPPV caused by head trauma are various, but the common causes are motor vehicle crashes, falls, and a blow to the head. 11, 14 Other causes include ear surgery, dental surgery, such as osteotome expansion of the maxillary alveolar ridge, 22 and neurosurgery, such as the removal of an occipital osteoma or a ventriculoperitoneal shunt. In this study, as has been reported previously, 11, 14, 15 the causes of head injury were a motor vehicle crash (63%, 20 of 32 cases), a fall (25%, 8 cases), and a blow to the head (12%, 4 cases) .
In a previous publication, 11 only 2 of 21 post-traumatic BPPV cases had HSC-BPPV, and these cases were not further characterized in terms of HSC-BPPV type. Twenty-four of our 32 patients had PSC-BPPV and 11 (34%) had HSC-BPPV (3 patients had a combination of PSC-and HSC-BPPV). Interestingly, HSC-BPPV was encountered at a higher rate than was expected among our cases. This suggests that because HSC-BPPV is located more laterally than PSC-BPPV, HSC is as vulnerable to TBI as PSC. All our 24 PSC-BPPV cases were of the canalolithiasis type and were treated using the modified Epley maneuver. 16 However, our 16 patients with canalolithiasis-type HSC-BPPV were successfully treated by 360 degree barbeque rotation 17, 18 followed by a forced prolonged position, 19 whereas our 4 cases of cupulolithiasis-type HSC-BPPV were successfully treated by head shaking and/or a modification of the fourth step of the Semont maneuver. 20 Regarding bilaterality and multiple canal involvement, including cases with a combination of PSC-and HSC-BPPV, previous studies have shown that bilateral BPPV (both ears simultaneously involved) accounted for 14.3% to 19% of post-traumatic BPPV cases. 11, 14, 23 However, only 1 of our post-traumatic patients (3.13%) had bilateral BPPV (left side, PSC-BPPV; right side, cupulolithiasis-type HSC-BPPV). Furthermore, the frequency of bilaterality was also low (2.68%) among our idiopathic patients.
Multiple canal involvement, such as a combination of PSC-and HSC-BPPV after TBI, has not been previously mentioned. Two of our post-traumatic patients (6.25%) had a combination of PSC-and HSC-BPPV and were treated first for PSC-BPPV, and after its complete resolution were treated for HSC-BPPV. In this study, the frequency of multiple canal involvement was similar in both groups (p Ͼ 0.05), which suggests that the three semicircular canals are equally affected by severe impact to the head.
It is generally agreed that patients with idiopathic BPPV are older than patients with post-traumatic BPPV. 14 Furthermore, idiopathic BPPV shows a greater female preponderance than post-traumatic BPPV. Unlike post-traumatic BPPV, idiopathic BPPV shows a female preponderance because of hormonal differences. 14 In this study, we found no significant difference between the two patient groups in terms of age distribution. However, with regard to gender, woman was more common in the patients with idiopathic BPPV, whereas less common in the patients with post-traumatic BPPV (Table 2 ). These results suggest that the exposure to risk for trauma is more for men compared with women.
In terms of treatment and recurrence, post-traumatic BPPV is more likely to be difficult to treat than idiopathic BPPV and has a greater recurrence rate. 11 Previous publications have reported BPPV recurrence rates of 13% to 34% during long-term follow-up. 11, 16, 24, 25 Our data suggest that the post-traumatic BPPV group required more treatment sessions than the idiopathic BPPV group (p Ͻ 0.05), but recurrence rates were similar in both groups (p Ͼ 0.05), that is, 15.6% in the post-traumatic BPPV group and 18.8% in the idiopathic group. This suggests that after symptoms and signs have been completely resolved, the natural courses of post-traumatic and idiopathic BPPV are similar.
In conclusion, this study presents for the first time the clinical characteristics of BPPV after TBI and the clinical differences between BPPV after TBI and idiopathic BPPV. Our findings indicate that BPPV after TBI is more difficult to treat than idiopathic BPPV, but no tendency to recur was observed in patients who developed BPPV after TBI compared with idiopathic BPPV. Furthermore, prospective clinical meta- analytic studies are needed to investigate the outcome of BPPV after TBI.
